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(54) DRIVING CIRCUIT FOR INK JET RECORD HEAD 

(57)Abstract: 

PURPOSE: To stabilize the position of meniscus so as 
to improve printing quality. 

CONSTITUTION: A power source is connected to a 
common condenser C1 through a first switching 
transistor Q2 and a charge time constant adjusting 
resistance R1. The condenser C1 is also connected to 
earth through a second switching transistor Q4 and a 
discharge time constant adjusting resistance R3. 
Further, a terminal of the condenser C1 is connected to 
a switching circuit 28 for scanning a pressure generating 
member through a current buffer. To the first switching 
transistor Q2, a first pulse for contracting a piezoelectric 
vibrator is applied and a second pulse for extending the 
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piezoelectric vibrator is applied to the second switching transistor Q4 so as to contract the 
pressure generating member at a set speed by the condenser C1 and the resistance R1 and 
attract ink to a pressure chamber. Then, the pressure generating member is extended at the 
set speed by the condenser C1 and the resistance R3 so as to generate ink drops. 



[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 

the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 3262141 

[Date of registration] 21.12.2001 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



LEGAL STATUS 



[Date of request for examination] 



01.06.1999 



Copyright (C); 1998,2003 Japan Patent Office 



http://vvn^l9.ipdl.neipi.go.jp/PAl/result/detail/main/wAAA 12/20/2004 



i 



Japanese Publication 




>er : 06-008427 A 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] A power source is connected to a common capacitor through the 1st switching 
element and the resistance for charge time constant adjustment. Moreover, said 
capacitor is connected to a ground through the 2nd switching element and the resistance 
for discharge time constant adjustment, the terminal voltage of said capacitor is 
outputted through a current buffer — both The drive circuit of an ink jet recording head 
where the 2nd pulse to which the 1st pulse which shrinks a piezoelectric transducer 
makes the 2nd switching element elongate said piezoelectric transducer again is 
impressed to the 1st switching element. 

[Claim 2] The 1st pulse is a drive circuit of the ink jet recording head of claim 1 where 
the time amount which specifies the electrical-potential-difference value impressed to 
said piezoelectric transducer is set up. 

[Claim 3] The 1st pulse is the drive circuit of the ink jet recording head of claim 1 made 
to output to the 1st switching element through a temperature compensation means to 
change pulse width by the outside temperature. 

[Claim 4] Said resistance for charge time constant adjustment is claim 1 thru/orthe ink 
jet recording head drive circuit of 3 chosen as the resistance which expands a pressure 
room so that the meniscus of a nozzle orifice may not be retreated. 
[Claim 5] Said resistance for discharge time constant adjustment is the drive circuit of 
claim 1 as which the resistance from which a discharge time constant becomes the same 
substantially to the period of the free vibration of a piezoelectric transducer is chosen 
thru/or the ink jet recording head of 4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention carries out the variation rate of the diaphragm 
which forms the pressure room with a rod-like piezoelectric transducer, and relates to the 
drive circuit of the ink jet recording head which makes a pressure room compress with this 
variation rate, and makes an ink droplet inject from a nozzle orifice. 



CLAIMS 



[0002] 
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[Description of the Prior Art] What fixed the disc-like piezo-electric diaphragm to the 
elastic plate which forms a pressure room as the ink jet recording head used for a recording 
apparatus is shown in JP, 2*242 18,B is known widely, since the ink jet recording head of 
this format has the small valuation rate of a piezoelectric transducer the effective area of 
a pressure room - large - not taking - a pressure room is arranged in the part distant 
from the nozzle orifice which cannot obtain, therefore can secure a comparatively big area, 
and the structure of connecting between nozzle orifices in passage is adopted. 
Consequently, it not only causes enlargement of the whole recording head, but in order to 
make fluid resistance of each ink passage into homogeneity, there is a problem that 
complicated tuning is needed. 

[0003] While forming a piezoelectric transducer in the shape of a rod as shown in the U.S. 
Pat. No. 4,697,193 specification in order to solve such a problem, this is made to contact the 
diaphragm which constitutes the pressure room, and the ink jet recording head which 
extends and shrinks a pressure room by longitudinal oscillation, and generates an ink 
droplet is proposed. 

[0004] The ink jet recording head using such a longitudinal oscillation impresses driver 
voltage to a piezoelectric transducer just before dot formation, and shrinks a piezoelectric 
transducer, by making the charge of a piezoelectric transducer discharge subsequently and 
expanding a piezoelectric transducer, a pressure room is shrunk and the drive method by 
the so-called length stroke type of generating an ink droplet is adopted. 
[0005] 

[Problem(s) to be Solved by the Invention] Use of the elastic energy beforehand 
accumulated in the piezoelectric transducer or the diaphragm is not only attained, but [ if 
such a drive method depended for lengthening and striking is used, ] If the clock frequency 
of a piezoelectric transducer is raised in order to raise printing speed while there is an 
advantage that positive drawing in of the ink to a pressure room can be aimed at There is 
un-arranging [ that dispersion arises in the location of the meniscus near / at the time of 
formation of an ink droplet / the nozzle, change the size of an ink droplet and the flight rate 
of an ink droplet, and printing quality deteriorates ]. 

[0006] although the drive approach of holding fixed time amount and a piezoelectric 
transducer in the contraction condition, making the charge of a piezoelectric transducer 
discharging after that, and expanding a piezoelectric transducer is also proposed until a 
meniscus returns to the original location and it stands it still, after making a piezoelectric 
transducer reduce in order to avoid such a problem, it will obtain, if the latency time until 
a meniscus returns is needed and a limit is received in a print speed, and there is a 
problem. 

[0007] Moreover, apart from power circuits, such as a pulse motor which drives a print 
station, the power circuit of the dedication for driving a head was needed, and the ink jet 
recording head had the problem that the structure of an airline printer was complicated, 
although incorporating a temperature-compensation circuit and adjusting driver voltage 
with the signal from a thermo sensor was performed since the printing property over 
temperature tended to have changed compared with other recording methods, such as wire 
dot matrix printing and a hot printing method, for this reason. 

[0008] Furthermore, since the cross section of the piezoelectric transducer in 
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longitudinal-oscillation mode is small, while it can raise an array consistency easily, since 
a piezoelectric transducer approaches, it has the problem of interference mutually 
occurring and reducing printing quality. It is offering the new drive circuit which can set 
the magnitude of the signal for driving a piezoelectric transducer as arbitration, and can 
moreover set up the contraction rate and expanding rate of a piezoelectxic transducer 
independently, respectively, without making this invention in view of such a situation, 
being made for the purpose of solving these problems to ******, and being dependent on 
the supply voltage at the time of ink droplet generating. 
[0009] 

[Means for Solving the Problem] In order to solve such a problem, it sets to this invention. 
A power source is connected to a common capacitor through the 1st switching element and 
the resistance for charge time constant adjustment. .Moreover, while connecting said 
capacitor to a ground through the 2nd switching element and the resistance for discharge 
time constant adjustment and outputting the terminal voltage of said capacitor through a 
current buffer It constituted so that the 2nd pulse to which the 1st pulse which shrinks a 
piezoelectric transducer makes the 2nd switching element elongate said piezoelectric 
transducer again might be impressed to the 1st switching element. 



[Function] An external environment adjusts the pulse width of the 1st pulse, and the 
resistance for charge time constant adjustment is set as the time constant which does not 
cause migration to a meniscus, the location of a meniscus is stabilized, and a ball-like ink 
droplet is generated, and the resistance for discharge time constant adjustment is set up 
according to the free vibration period of a pressure generating member, and the amplitude 
of the piezoelectric transducer after ink droplet generating or the residual vibration of a 
pressure room and duration are shortened as much as possible. 



[Example] Then, based on the example illustrating the detail of this invention, it explains 
below. Drawing 2 shows one example of the ink jet recording head driven by the head drive 
circuit of this invention, and the sign 1 in drawing is a pressure room, and is [ it is formed 
of the diaphragm 3 with which the film 2 was formed in the front face this and the nozzle 
formation substrate 4 formed with the fixed gap, and the nozzle plate 5 stuck on this, and ] 
open for free passage through the ink feed hopper 7 in the common ink room which is not 
illustrated. It is contacted at the rear-face side of a diaphragm 3 so that the tip of the 
pressure generating member 8 where the other end was fixed to the pedestal 10 through 
the substrate 9 may counter a nozzle orifice 6. The ink which flowed in pressure room 1 
from the ink feed hopper 7 according to such a configuration is pressurized by the pressure 
generating member 8 through a diaphragm 3, and carries out the regurgitation from a 
nozzle orifice 6 as ink droplet P. 

[0012] Drawing 3 shows one example of the above-mentioned pressure generating member 
8, and carries out the laminating of the piezoelectric transducer layer 11, the 
negative-electrode internal electrode 12, and the positive-electrode internal electrode 13 by 
turns. Carry out parallel connection of the negative-electrode internal electrode 12 
comrades with the negative-electrode external electrode 14, and carry out parallel 
connection of the positive -electrode internal electrode 13 comrades to the positive -electrode 



[0010] 



[0011] 
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external electrode 15, and it is constituted. These according to an array pitch, plurality 
both in the field of nozzle orifices 6 and 6 and 6 .... which is fixed to a substrate 9 and which 
is joined to a substrate 9 While the field in which the positive -electrode internal electrode 
13 is not formed is prepared and an inert segment 16 is constituted from an electrode of 
one [ at least ] pole, and this example It is made to jut out of a substrate 9 predetermined 
die length and in the shape of a cantilever by making into the activity section 17 the field 
where both negative-electrode internal electrode 12 and positive-electrode internal 
electrode 13 exist, and is constituted as a unit which can oscillate freely. 
[0013] It becomes possible to make shaft orientations expand and contract only the activity 
section 17, as the arrow head A showed, without electric field's arising in each piezoelectric 
transducer layer 11, being supported by the substrate 9, and making an inert segment 16 
transform, when the electrical potential difference of about 30 volts is impressed to the 
negative -electrode external electrode 14 and the positive-electrode external electrode 15 by 
taking such structure. 

[0014] In addition, although the pressure generating members 8 and 8 and 8 .... are fixed 
independently to a substrate 9 in this example, respectively As shown in drawing 4 , the 
negative-electrode internal electrode 21, the positive-electrode internal electrode 22, and 
one substrate 24 on which the pie zo- electric layer 23 was put in the shape of sandwiches 
While putting slits 26 and 26 and 26 .... only into the part used as an active region 25 and 
kicking by OFF to the piezoelectric transducer objects 27 and 27 and 27 .. Even if it 
constitutes in a tandem type so that it may be connected through the inactive field 29, it 
not only does the same operation so, but it can exclude the substrate 9 ( drawing 3 ) for the 
above-mentioned immobilization. 

[0015] Drawing 1 shows one example of the drive circuit of this invention, and the sign INI 
in drawing is a printing timing signal input terminal, IN2 is a printing signal input 
terminal, and as shown in drawing 6 , according to printing timing, a pulse-like signal is 
impressed, respectively. A sign Ql is the transistor for level adjustments by which the base 
electrode was connected to the input terminal INI, and the base electrode of the 1st 
switching transistor Q2 is connected to the collector electrode of this. The emitter electrode 
is connected to a power source through Terminal VH through the resistance Rl for time 
constant adjustment, and, as for the 1st switching transistor Q2, the collector electrode is 
grounded through the capacitor Cl for time constant adjustment. Q3 is a constant current 
transistor, an emitter electrode is connected to a power supply terminal VH, and a collector 
electrode is connected to the collector electrode of the transistor Ql for level adjustments, 
and the base electrode is further connected to the power supply terminal VH through the 
resistance Rl for time constant adjustment. 

[0016] On the other hand, the base electrode of the 2nd switching transistor Q4 is 
connected to an input terminal IN2, and the emitter electrode is further grounded for the 
collector electrode through the 2nd resistance R3 for time constant adjustment by the 
capacitor Cl for time constant adjustment. A sign Q5 is a transistor for constant current, 
an emitter electrode is grounded for a collector electrode by the input terminal IN2 again, 
and the base electrode is further grounded through the 2nd resistance R3 for time constant 
adjustment. 

[0017] Q6, Q7, Q8, and Q9 are the transistors which constitute the current buffer which 
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amplifies the current at the time of charge of a capacitor Cl, and discharge, respectively, in 
this example, they carried out Darlington connection of transistors Q6 and Q7, and Q8 and 
Q9, were constituted, and are equipped with the current capacity of all the pressure 
generating members 8 and 8 of the ink jet recording head which should be driven, and 8 .... 
in which a coincidence drive is possible. 

[0018] 28 is a switching circuit, it connects with each pressure generating members 8 and 8 
and 8 .... which constitute the output terminal OUT and ink jet recording head of a current 
buffer, and it is constituted so that the current from the transistors Q6, Q7, Q8, and Q9 
which are turned on and off with a printing signal, and constitute a current buffer can be 
alternatively supplied to the pressure generating members 8 and 8 and 8 .. which should 
generate an ink droplet. Since this switching circuit 28 can be constituted without only a 
switching element needing a configuration, i.e., a current adjustment means, it becomes a 
light weight and small, therefore becomes possible [ carrying in the carriage of a recording 
head ] by separating from a driver voltage generating circuit and connecting through a 
flexible cable. 

[0019] Moreover, if lead wire is connected to a terminal 30 and 30 .., mold is carried out to 
one and unitization is carried out to it while fixing the resistance Rl and R2 for time 
constant adjustment to a terminal 30 and the substrate 31 equipped with 30 as shown 
in drawing 5 By preparing two or more kinds of units from which resistance differs, only by 
substituting a required unit, the optimal time constant for the ink regurgitation property 
of an ink jet recording head can be set up, and the simplification of an activity can be 
achieved. 

[0020] It explains based on the wave form chart having shown actuation of the next 
above-mentioned drive circuit in drawing 6 . An input of the printing timing signal (I) for 
forming one dot from a host generates the printing reserve signal (III) of pulse width Tc 
synchronizing with this. This pulse width Tc is corresponded and set to the charging time. 
And if this signal inputs into an input terminal INl, since the transistor Ql for level 
adjustments serves as ON, the 1st switching transistor Q2 will also serve as ON. Thereby, 
the supply voltage of an electrical potential difference VH is impressed to a capacitor Cl 
through the resistance Rl for time constant adjustment, and a capacitor Cl is charged as it 
is also at the time constant decided by resistance Rl and the capacitor Cl. 
[0021] By the way, the current with which the resistance Rl for time constant adjustment 
flows into a capacitor Cl since the transistor Q3 for constant current is connected to the 
both ends and the terminal voltage is maintained by the value almost equal to the 
base-electrode-emitter inter-electrode potential of a transistor Q3 is not changed in time, 
but serves as constant value. Consequently, the standup inclination tau 1 of the terminal 
voltage (V) of a capacitor Cl is taul=VBEl/(RlxCl), when the resistance Rl of resistance 
Rl, the capacity Cl of a capacitor Cl, and the base-electrode-emitter inter-electrode 
electrical potential difference of the transistor Q3 for constant current are set to VBEl. 
It becomes. 

[0022] Thus, progress of the time amount equivalent to pulse width TC of a printing 
reserve signal raises the terminal voltage of a capacitor Cl to an electrical potential 
difference V0. And since a printing reserve signal changes to L level at this time, the 
transistor Ql for level shifts becomes off, and the 1st switching transistor Q2 becomes off. 
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Consequently, a capacitor Cl will maintain electrical-potential-difference tauxTc=V 0. 
[0023] Time [ the time of predetermined time Te passing ], i.e., when time allowances to be 
extent which a switching transistor Q2 and a switching transistor Q4 do not short-circuit 
pass, after a printing reserve signal serves as OFF, a printing signal (IV) inputs into a 
terminal IN2. This printing signal has the pulse width Td which can make the charge of a 
capacitor Cl able to discharge even to about 0 potentials, and sets the 2nd switching 
transistor Q4 to ON. Consequently, the charge accumulated in the capacitor Cl is 
discharged through the resistance R3 for time constant adjustment. Since the transistor 
Q5 for constant current becomes coincidence with ON, the terminal voltage of the 2nd 
resistance R3 for time constant adjustment turns into the base-electrode-emitter 
inter-electrode electrical potential difference VBE2 of a transistor Q5 according to an 
operation of the 1st transistor Q3 for constant current mentioned above, and the same 
operation. Thereby, the terminal voltage (V) of a capacitor Cl falls linearly with fixed 
inclination. 

[0024] That is, the inclination tau 2 of falling is tau2=-VBE2/(R2xCl), when the value R2 of 
the 2nd resistance R3 for time constant adjustment, the capacity Cl of a capacitor Cl, and 
the base-electrode-emitter inter-electrode electrical potential difference of the transistor 
Q5 for constant current are set to VBE2. 
It becomes. 

[0025] If time amount Td passes and a printing signal becomes off, the 2nd switching 
transistor Q4 will become off, and change of the terminal voltage of a capacitor Cl will stop. 
In addition, since the pulse width Td of a printing signal is set up greatly enough as 
compared with the discharge time constant decided by the capacitor Cl and resistance R2, 
it is not that a charge remains to a capacitor Cl. 

[0026] Thus, the electrical potential difference which changes with the resistance Rl and 
R3 for time constant adjustment and capacitors Cl at the predetermined rate of rise and a 
predetermined falling rate is amplified by the transistors Q6 and Q7 which constitute a 
current buffer, and Q8 and Q9, and is impressed to each piezoelectric transducers 8 and 8 
and 8 .... ( drawing 2 ) which constitute the ink jet recording head through a switching 
circuit 28. The same voltage waveform can be alternatively impressed to two or more 
pressure generating members 8 and 8 and 8 .... by this doubling the voltage signal from a 
common driver voltage generating circuit with a printing signal, and turning on and off the 
switching element of a switching circuit 28. In addition, although pulse width Tc of these 
printing reserve signal and the pulse width Td of a printing signal are influenced by the 
structure of the target ink jet recording head, and the viscosity of ink, profile central value 
makes them 120 microseconds and about 6 microseconds, respectively, and they are 
adjusted in 10% of range if needed. 

[0027] by the way, each piezoelectric transducer which constitutes the same head the 
same lot - since - since it is manufactured, although the ink regurgitation property 
between nozzles gathers, between recording heads, the case where a difference arises in an 
ink regurgitation property according to the error of a pressure room etc. is alike 
occasionally, and has been carried out. It is carried out by adjusting the wave of the 
electrical potential difference which usually drives an ink jet recording head to amendment 
of the ink regurgitation property between such heads. According to the drive circuit 
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mentioned above, it starts by the resistance Rl for time constant adjustment, and falls by 
the resistance R3 for time constant adjustment in a property, i.e., the expansion rate of the 
pressure room 1, again, and a property, i.e., the contraction rate of the pressure room 1, 
can be made to be able to become independent, respectively, and it can be adjusted easily. 
Moreover, since it is dependent on the charging time, the last attainment electrical 
potential difference of a capacitor Cl can be adjusted by changing pulse width Tc of a 
printing reserve signal. 

[0028] Even if the power from the DC power supply for a pulse motor drive with voltage 
variation big for example comparatively is used for this, without needing the power circuit 
maintained by the fixed electrical potential difference like the conventional drive circuit 
Since it becomes possible to make it regularity by controlling pulse width Tc of a printing 
reserve signal automatically according to supply voltage, the power source for an ink jet 
recording head drive, Communalization becomes possible about power sources for a drive, 
such as a pulse motor, and miniaturization of an airline printer and reduction of cost can 
be planned. 

[0029] Furthermore, since the electrical potential difference of a predetermined wave 
generated in the drive circuit is alternatively supplied to each pressure vibrator which 
constitutes the ink jet recording head through a switching circuit 28 A drive means can be 
constituted only from a switching means and the simplification and lightweight-izing of 
structure can be attained. Consequently, to a rest frame, when a drive means is carried in 
carriage again, a drive circuit can make the lead pattern of most which should be formed in 
the flexible cable which connects these the thing which has the small current capacity of 
extent and which can transmit a scan signal, and can attain the miniaturization of an 
interconnection cable. 

[0030] By the way, since the pressure room 1 is expanded when the pressure generating 
members 8 and 8 and 8 .... contract by impression of a printing reserve signal, ink supply 
in the pressure room 1 from the ink feed hopper 7 is performed. And expansion of this 
pressure room 1 also serves as applied force which retreats the meniscus currently formed 
near the nozzle orifice 6. 

[0031] moreover, after ink supply in the pressure room 1 is completed, the pressure 
generating members 8 and 8 and 8 .... are expanded, and the pressure room 1 is reduced - 
making - nozzle orifices 6, 6, and 6, although an ink droplet is made injected from Since 
a very big correlation is between the locations of a meniscus and the configurations of an 
ink droplet at the time of contraction of a pressure room, when it is what time, whether a 
pressure room is made to reduce will influence printing quality. 

[0032] That is, if the pressure room 1 is shrunk in the condition that Meniscus M is located 
near the nozzle orifice 6 like the time of a halt as shown in the drawing 7 (**), ink droplet P 
which jumps out will become ball-like (this drawing RO). On the other hand, if the 
pressure room 1 is shrunk after Meniscus M has retreated rather than the nozzle orifice 6 
(this drawing Ha), ink droplet P will be prolonged in the flight direction, and will become 
pillar-shaped (this drawing Ha). Thus, if the generated ink droplet reaches a record 
medium, in the case of a ball-like ink droplet, an almost circular dot will be formed, but it 
becomes the form which shifted since it becomes [ in the case of- like / column ] circular and 
was circular, and a quality of printed character is made to deteriorate. 
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[0033] It is necessary to draw ink in the pressure room 1 at a rate smaller [ than the 



and maintainable since a cause is for the pressure loss of the ink feed hopper 7 ( drawing 
I ) to become large rather than surface tension with the ink of a nozzle orifice 6 and this 
near, as for Meniscus M moving to a retreat [ from a nozzle orifice 6 ] 8, i.e., pressure 
generating member, side at the time of expansion of the pressure room 1. 
[0034] And although influenced by the size of a nozzle orifice 6, the viscosity of ink, etc., if 
surface tension [ / near the nozzle orifice ] explains a typical example and an ink room will 
be expanded at a late rate from the direct proportion straight line L of the contraction time 
amount of the size of a profile nozzle orifice, and a piezoelectric transducer, i.e., the build 
up time of a printing reserve signal, as shown in drawing 8 , it can generate a ball-like ink 
droplet. If build up time is enlarged superfluously, since a print speed will fall from the 
first, an upper limit becomes settled naturally. 

[0035] Since build up time can be set as arbitration by the resistance Rl for time constant 
adjustment in the head drive circuit of this invention as mentioned above, it can be used 
for the ink jet recording head of various specifications by choosing the resistance Rl of the 
resistance Rl for time constant adjustment corresponding to the property of an ink jet 
recording head, i.e., the viscosity of a nozzle orifice or ink. It is the comparatively long 
residence time which was mostly in agreement with the resonance frequency of this on the 
other hand since the rigidity of the pressure generating member 8 was large when supply 
of ink in the pressure room 1 is completed, and the pressure generating member 8 is made 
to reduce in order to form an ink droplet and to shrink the pressure room 1, and the 
piezoelectric transducer in longitudinal-oscillation mode is being used for the pressure 
generating member 8, and residual vibration with the big amplitude is produced. 
[0036] That is, as shown in drawing 9 (I), the electrical potential difference V0 is impressed 
to the pressure generating member 8, and if a charging time value Td is changed and this 
is made to discharge, corresponding to the charging time value Td, the gestalt of the 
residual vibration of the pressure generating member 8 will change. That is, the free 
vibration of the proper oscillation period Tf generates as a core the tip location DO in the 
condition that the electrical potential difference is not impressed, and as this amplitude 
value and its duration showed among drawing (A) and (B), depending on a charging time 
value, it differs greatly. On the other hand, although the ink in the pressure room 1 
vibrates too synchronizing with vibration of the pressure room itself, the free vibration 
period of the pressure room 1 is long as compared with it of the pressure generating 
member 8, as Sign E showed to drawing 9 (III). For this reason, the meniscus near the 
nozzle orifice serves as movement as vibration of the pressure generating member 8 
superimposed on the vibration E original with ink and shown with this drawing sign F. 
That is, though the amplitude of the residual vibration of pressure generating member 8 
the very thing is small, if it is added to vibration of ink itself, the amplitude of a meniscus 
cannot be disregarded on the time amount level of free vibration period extent of the 
pressure generating member 8. Since vibration of a meniscus with high-speed free 
vibration period extent of such a pressure generating member 8 generates a Myst-like ink 
droplet, it causes the wettability change near the nozzle orifice, and the wettability near 
the nozzle orifice the flight rate of an ink droplet - since configuration right and left are 



surface tension of the ink near the nozzle orifice ] the pressure loss in an ink feed hopper 
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carried out, fluctuation of printing quality will be caused as a result. 

[0037] Having the minimum value at the time of the charging time value Dt which is in 
agreement with the period of the free vibration of a piezoelectric transducer as the relation 
between the amplitude of the residual vibration of this pressure generating member 8 and 
a charging time value Td was shown in drawing 10 is known experientially. 
[0038] And if the amplitude of residual vibration becomes small, since it not only stabilizes 
in time amount with the so short meniscus after ink droplet generating, but the wettability 
mentioned above is uniformly maintainable, height and printing quality are [ repeat drive 
frequency ] uniformly maintainable. 

[0039] Since a charging time value becomes large by the side smaller than a natural period 
dt, maximum amplitude and maximum velocity are good to expect insurance and to set a 
charging time value as a long eye rather than a proper oscillation period, so that clearly 
also from drawing 10 . That is, when the free vibration period dt of the pressure generating 
member 8 in this example is 6.5 microseconds, a charging time value will set it up between 
dt-xl=6. 5*0.2=6. 3microsecond and dt+x2=6. 5+0.4=6. 9microsecond. 

[0040] Furthermore, since two or more pressure generating members 81, 82, 83, and 84 set 
very narrow spacing to an ink jet recording head and are arranged at it, the wave of 
expansion generated in the active region of one pressure generating member 82 spreads an 
inactive field, and other pressure generating members 81 and 83 which spread a substrate 
9 further and adjoin as shown in drawing 11 resonate. This phenomenon appears so 
notably that recording density is raised. By making the charging time value of driver 
voltage in agreement with a natural period dt in the ink jet recording head of this 
invention, as mentioned above, the free vibration of the pressure generating member 8 It 
becomes small as (B) also shows amplitude fluctuation of the wave of expansion which 
spreads a substrate 9, since the amplitude fluctuation becomes min as (A) showed among 
drawing, therefore, among drawing, the resonance amplitude of the adjoining pressure 
generating members 81 and 83 is also stopped, as shown in (C) and (D) - ******** 
resonance - malfunction which carries out the regurgitation of the unnecessary ink droplet 
with a variation rate can be prevented. Moreover, since there is no mutual resonance of 
wave of expansion even if it drives two or more pressure generating members 8 to 
coincidence, it is not based on the drive number of the pressure generating member 8, but 
the amount of displacement and a rate are stabilized. By this, the high-definition quality of 
printed character in which any printing patterns do not have dispersion can be obtained. 
[0041] Drawing 13 is what shows the 2nd example of this invention which enabled it to 
correspond to an external environment, especially a temperature change, using an 
above-mentioned voltage adjustment function positively. The sign 40 in drawing It 
connects in the temperature compensation circuit which consists of a pulse width 
modification circuit between the printing first call input terminal INl and the transistor 
Ql for level adjustments. The temperature signal from the thermometric elements 41, such 
as a thermistor which detects the temperature of a recording head, inputs, and it is 
constituted so that pulse width Tc of a printing first call may be changed corresponding to 
a temperature signal. That is, since the viscosity serves as a function of temperature, the 
ink currently used for the ink jet recording head adjusts the level of driver voltage so that 
the fall of the flight rate by viscosity change of ink may be compensated, and it is 
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constituted so that maximum amplitude may be changed. By transposing the resistance for 
oscillation parameter input of a mono-multivibrator to temperature-sensitive resistance of 
the thermistor which constitutes the . above-mentioned thermometric element 41, it is 
realizable as an analog circuit, and such a pulse width modification circuit can carry out 
analog-to-digital conversion of the temperature signal, can make it a digital signal, and 
can be easily realized also as a digital circuit by controlling the output number of a unit 
pulse by this signal. 

[0042] Next, it explains based on the wave form chart having shown actuation of the circuit 
constituted in this way in drawing 14 . If a printing first call (II) inputs into a terminal INI 
when the temperature of an ink jet recording head is maintained at the design-basis value 
tl, the temperature compensating circuit 40 will be outputted to the 1st switching 
transistor Ql, without changing pulse width Tc of a printing first call. Thereby, it starts, 
and it is time amount and a capacitor Cl is charged to the driver voltage VI corresponding 
to temperature tl decided by the resistance and capacitor Cl of the resistance Rl for time 
constant adjustment. Since it is alternatively impressed by the pressure generating 
member 8 of a recording head through a switching circuit 28, the electrical potential 
difference of this charge process is extended to the volume which develops with the rate of 
rise it is decided by the resistance Rl for time constant adjustment, and the capacitor Cl 
that the pressure room 1 will be, and is decided by the last charge electrical potential 
difference VI. 

[0043] Subsequently, if a printing signal (IV) inputs, the 2nd switching transistor Q4 will 
serve as ON, a capacitor Cl will discharge that it is also at the falling rate decided by the 
resistance R3 for time constant adjustment, and a pressure room will be shrunk. An ink 
droplet will occur from a nozzle orifice by this. From the first, since the rate at the time of 
expanding of the pressure generating member 8 is set as the free vibration period of the 
pressure member 8 by a capacitor Cl and the resistance R3 for time constant adjustment, 
as mentioned above, the residual vibration of the pressure room 1 serves as a small value 
as much as possible. 

[0044] When it becomes the situation of the temperature of an ink jet recording head 
falling to temperature t2 from the design-basis temperature tl from this condition, and 
reducing an ink droplet flight rate like ink viscosity increasing, it is made to elongate from 
pulse width TCI of the printing first call inputted into the input terminal INI based on the 
temperature signal from the temperature detector 41 to TC2, and the 
temperature-compensation circuit 40 is outputted to a switching transistor Q2. A capacitor 
Cl will be charged by even the electrical potential difference V2 higher than reference 
voltage VI by this. Since the rate of the electrical-potential-difference change in a charge 
process is kept needless to say to the predetermined value decided by the capacitor Cl and 
the resistance Rl for time constant adjustment, the meniscus of a nozzle orifice 6 does not 
move from the original location. 

[0045] If predetermined time passes, a printing signal outputs, a switching transistor Q4 
serves as ON and a capacitor Cl discharges, an electrical potential difference V2 will fall 
that it is also at the predetermined falling time amount decided by the resistance R3 for 
time constant adjustment, and the capacitor Cl, and a pressure room will contract at this 
falling rate. Since it was expanded to oversized rather than the case where the pressure 

10/13 



Japanese Publication 




'er : 06*008427 A 




room 1 is design-basis temperature in now, a big pressure will occur in a pressure room, 
the fluid resistance accompanying a viscosity rise will be resisted, and an ink droplet will 
fly the rate as a design basis. 

[0046] Moreover, when the temperature of an ink jet recording head rises to temperature 
t3, the temperature-compensation circuit 40 outputs pulse width Tc3 corresponding to this 
temperature, and makes a pressure generating member reduce on an electrical potential 
difference V3. Consequently, the pressure corresponding to a fallen part of the ink viscosity 
by the temperature rise is applied to ink, and an ink droplet is made too generated at the 
flight rate as a design basis. Thus, since the volume of the pressure room 1 and reduction 
percentage change according to temperature, a fixed ink droplet [ be / in temperature / no 
**** ] can be generated. 

[0047] In addition, although he is trying to change into the pulse width corresponding to 
temperature the printing reserve signal beforehand equipped with optimal pulse width 
Tel with reference temperature in this example with the signal from a temperature 
detection means The relation between the temperature of an ink jet recording head, and 
the pulse width of a printing reserve signal Even if it makes it output the printing reserve 
signal which investigates beforehand about each temperature, stores this data in the store 
circuit, calls pulse width from a store circuit with the signal from a temperature detection 
means, and has this pulse width according to a printing timing signal, it is clear to do the 
same operation so. 



[Effect of the Invention] As explained above, it sets to this invention. To a common 
capacitor The 1st switching element, And connect a power source through the resistance 
for charge time constant adjustment, and a capacitor is connected to a ground through the 
2nd switching element and the resistance for discharge time constant adjustment. The 1st 
pulse for which the terminal voltage of a capacitor is outputted through a current buffer 
and which makes the 1st switching element contract a piezoelectric transducer both 
Moreover, since the 2nd pulse which expands a piezoelectric transducer was made to be 
impressed to the 2nd switching element The contraction rate of the pressure generating 
member at the time of pressure room expansion, and the contraction rate of the pressure 
generating member at the time of ink droplet generating, respectively Corresponding to 
fluctuation of an external environment or supply voltage, the conditions of ink droplet 
generation are uniformly maintainable by being able to set it independently as the rate 
which does not cause migration to a meniscus, and the expanding rate which residual 
vibration does not produce, and changing the 1st pulse width. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of a drive circuit showing one example of this 
invention. 

[Drawing 2] It is the sectional view showing the ink jet recording head using the 
longitudinal-oscillation mode in which this invention is applied. 



[0048] 
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[Drawing 3] It is the perspective view expanding and showing the piezoelectric 
transducer unit which constitutes the above-mentioned recording head. 
[Drawing 4] It is the perspective view showing other examples of a vibrator unit. 
[Drawing 5] It is drawing showing one example of the resistance for time constant 
adjustment. 

[Drawing 6] It is the wave form chart showing actuation of a circuit same as the above. 
[Drawing 7] This drawing (b) thru/or this drawing (b) are the explanatory views showing 
the relation of the location of a meniscus and the configuration of an ink droplet at the 
time of pressure room contraction, respectively. 

[Drawing 8] It is the diagram showing the relation between the size of a nozzle orifice and 
the rate of rise at the time of expanding of a piezoelectric transducer, and the 
configuration of the ink droplet to generate. 

[Drawing 9] It is the diagram showing the relation of the variation rate of drawing (I) 
thru/or (III) electricahpotential-difference change which expands a piezoelectric 
transducer, respectively, the residual vibration of a pressure generating member, and the 
meniscus near the nozzle orifice. 

[Drawing 10] It is the diagram showing the relation between the electrical potential 
difference which expands a piezoelectric transducer, and the free vibration maximum 
amplitude of the pressure room configuration member after ink droplet generating. 
[Drawing 1 1] Vibration of one pressure generating member is the explanatory view 
showing signs that it spreads to other pressure generating members. 
[Drawing 12] It is the diagram showing the relation between vibration of a pressure 
generating member by which the printing drive was carried out, and the vibration to other 
pressure generating members [ member / this ] to spread. 

[Drawing 13] It is the block diagram of the equipment in which other examples of this 
invention are shown. 

[Drawing 14] Drawing (I) thru/or (VI) are the wave form charts showing actuation of 
equipment same as the above, respectively. 
[Description of Notations] 
1 Pressure Room 
3 Diaphragm 

5 Nozzle Plate 

6 Nozzle Orifice 

7 Ink Feed Hopper 

8 Pressure Generating Member 
28 Switching Circuit for Scan 

40 Temperature-Compensation Circuit 

41 Thermometric Element 

Q1 Transistor for level adjustments 

Q2 Switching transistor 

Q3 Transistor for constant current 

Q4 Switching transistor 

Q5 Transistor for constant current 

Q6, Q7, Q8, Q9 Transistor for current buffers 
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R1, R2 Resistance for time constant adjustment 
C1 Capacitor for time constant adjustment 



[Translation done.] 
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